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(57) ABSTRACT

A spark plug (10) includes an mtermediate connecting pin
(54) disposed 1n the central passage (28) of an the insulator
body (12). The connecting pin (54) seats 1n an intermediate
taper section (72) within the central passage (28), which 1s
generally frustoconical and establishes a transition between a
first larger diameter of the central passage (28) and a second
smaller diameter. The intermediate tapered section (72) 1s
located longitudinally above a filleted transition (26) feature
of the mnsulator body (12) exterior. A pin head (53) of the
connecting pin (54) has a complementary tapered under-cut
and seats against the intermediate tapered section (72) to
provide self-centering of the connecting pin (54) without
trapping gas during the assembly process. The intermediate
taper section (72) also provides an increase 1n mnsulator wall
thickness which improves dielectric capacity and structural
integrity of the insulator (12).

6 Claims, 7 Drawing Sheets
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METHOD OF ASSEMBLING A
SMALL-DIAMETER SPARK PLUG WITH
RESISTIVE SEAL

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. provisional
application having Ser. No. 60/938,516, filed on May 17,
2007 and U.S. Ser. No. 12/121,821, filed on May 1, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject invention relates to a spark plug fora spark-
ignited internal combustion engine, and more particularly
toward a spark plug having a fired-in suppressor seal con-
tained 1n the msulator between a lower center electrode and an
intermediate connecting pin.

2. Related Art

A spark plug 1s a device that extends 1nto the combustion
chamber of an 1nternal combustion engine and produces a
spark to 1gnite a mixture of air and fuel. In operation, charges
of up to about 40,000 volts are applied through the spark plug
center electrode, thereby causing a spark to jump the gap
between the center electrode and an opposing ground elec-
trode.

Electromagnetic mterference (EMI), also known as radio
frequency interference (RFI), 1s generated at the time of the
clectrical discharge across the spark gap. This 1s caused by the
very short period of high frequency, high current oscillations
at the 1mitial break down of the gap and at points of refirings.
This EMI (or RFI) can interfere with entertainment radio,
two-way radio, television, digital data transmissions or any
type of electronic communication. In a radio for example, the
EMI or RFI 1s usually noticed as a “popping” noise in the
audio that occurs each time the spark plug fires. Ignition EM
1s a nuisance and 1n extreme cases can produce performance
and safety related malfunctions.

Levels of EMI emitted by a spark 1gnition system engine
can be controlled or suppressed 1n many ways. Commonly,
EMI suppression of the 1gnition system 1tself1s accomplished
by various methods, including the use of resistive spark plugs,
resistive 1gnition leads, and inductive components 1n a sec-
ondary high voltage 1gnition circuit. A common type of resis-
tor/suppressor spark plug used for the suppression of EMI
contains an internal resistor element placed within the
ceramic insulator between the upper terminal stud and the
lower center electrode.

While internal resistor/suppressor spark plug designs are
well known, practical considerations have frustrated the abil-
ity to integrate a resistor in small diameter spark plugs, for
example those sized to fit a 12 mm or less (10 mm, 8 mm, etc.)
diameter threaded bore. In particular, the fairly large cross-
sectional area required for the resistor inside the insulator
weakens the structural integrity of the ceramic insulation by
creating a thin wall section precisely 1n the region of an
insulator which 1s often highly stressed during assembly and
operation. Also, by creating such a thin wall, the amount of
voltage the part can sustain 1s reduced. Furthermore, reducing
the cross-sectional area of the resistor demands a correspond-
ing reduction in the diameter of the upper terminal stud which
1s used for the cold pressing and tamping operations. Thus,
during the cold pressing operation where loose, granular
resistor material 1s compressed by the upper terminal stud,
and then later hot pressed to produce the so-called “fired 1n
suppressor seal” buckling of a reduced diameter upper termai-
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2

nal stud 1s possible, both during iitial msertion into the
unfired powder, and during the hot pressing operation.

Additionally, the relatively long, unitary upper terminal
studs are typically heated along with the sealing glasses 1n a
furnace prior to the hot pressing operation. Heating of the
upper terminal stud results 1n oxidation and discoloration of
the terminal. In addition to detracting from the aesthetic
appearance of the exposed terminal stud, the oxidized termi-
nal (post heating) presents a rougher surface finish that
requires more force to connect a spark plug wire lead.

FIG. 1 represents an example of a prior art spark plug
construction taken from the Applicant’s own U.S. Publication
No. 2005/0093414, published May 5, 2003, the entire disclo-
sure of which 1s hereby incorporated by reference. This pub-
lication 1llustrates use of an intermediate connecting pin
lodged 1n the central passage of the insulator, generally mid-
way between a center electrode at the lower end of the 1nsu-
lator and a terminal post at the upper end of the insulator. The
contact pin fits snugly within the central passage and includes
a threaded lower portion, which 1s embedded in the conduc-
tive glass seal above the center electrode. As described in
Paragraph [0021] of that publication, the glass seal may have
several distinctive layers to provide desirable electrical char-
acteristics such as suppression of high frequency interfer-
ence. While this design represents a marked improvement
over then-existing prior art instructions, there remain certain
shortcomings. For example, the smooth piston-like fit of the
connecting pin within the central passage has the potential to
trap gasses during assembly, thereby creating gas bubble
inclusions within the glass seal which degrade electrical per-
formance during use. This may also cause stress that could
burst the side walls of the ceramic insulator under pressure.
Furthermore, 1n high thermal cycling events over prolonged
use, it 1s possible that the connection between the threaded
lower portion of the connecting pin and the enveloping glass
seal may break loose due to differing rates of thermal expan-
sion and the thermal stresses that result during cycling.

FIG. 2 represents another prior art design such as that
depicted in U.S. Pat. No. 3,915,721, 1ssued Oct. 28, 1973. In
this example, a connecting pin having a lateral dimension
substantially smaller than the internal diameter of the central
passage 1s provided. Due to the sizeable clearance space
between the connecting pin and the side walls of the central
passage, there 1s no chance for gasses to become trapped
during the assembly process. However, a design of the type
depicted 1in FIG. 2 presents certain difficulties of its own. For
one example, the clearance space affords an opportunity for
the connecting pin to tip or become uncentered during assem-
bly, as shown by broken lines 1n FIG. 2. Loss of control of the
position of the pin during processing can result 1n unaccept-
able variations in the resistance of the finished spark plug.

Another shortcoming exhibited by both prior art designs
depicted 1n FIGS. 1 and 2 relates to the unique challenges
confronted when attempting to downscale the size of the
spark plug. These 1ssues are mentioned above and include a
thinning of the insulator wall 1n critical areas, such that the
dielectric capacity of the insulator material may be breached.
For illustrative purposes, a dielectric puncture zone 1is
depicted 1n FIG. 2. Furthermore, these thinned sections of
insulator wall become failure points when, during assembly,
the shell 1s clamped about the exterior of the insulator, thereby
placing a region of the insulator in compression. Thin sec-
tions of the msulator wall are thus susceptible to catastrophic
failure during compression loading. The prior art designs
depicted in FIGS. 1 and 2 are fairly typical, and 1llustrate the
central passage as having a continuous interior diameter from
the upper terminal end of the insulator to the head of the
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center electrode. Thus, as the spark plug i1s scaled down to
accommodate smaller sized applications, the proportional

decrease 1n wall thickness of the insulator can result in dielec-
tric breach and/or compression load failure.

Accordingly, the current trend toward reduced diameter
spark plugs mtroduces many practical difficulties. The 1nsu-
lator wall thickness area of fired-1n suppressor seal compo-
nents experiences weakened structural integrity. Further-
more, the current technique of heating the upper terminal stud
together with the sealing glasses 1n a furnace results 1n oxi-
dation and discoloration of the upper terminal stud which
detracts aesthetically and contributes to connector installa-
tion problems. Therefore, there 1s a need 1n this field to pro-
vide a spark plug assembly that can implement the well
known fired-in suppressor seal features 1 a small diameter
package, and which further avoids problems associated with
heating the upper terminal stud 1n a furnace.

SUMMARY OF THE INVENTION

The subject invention 1s a spark plug assembly for a spark-
ignited combustion event. The assembly comprises a gener-
ally tubular insulator having an upper terminal and a lower
nose end. A central passage extends longitudinally between
the terminal and nose ends of the insulator. A conductive shell
surrounds at least a portion of the insulator. The shell includes
at least one ground electrode proximate the nose end of the
insulator. A center electrode 1s disposed 1n the central passage
ol the nsulator, with a lower sparking end exposed through
the nose end and presented in opposing relation to the ground
clectrode so as to establish a spark gap 1n the space therebe-
tween. The center electrode further includes an electrode
head seated in the central passage. An intermediate connect-
ing pin 1s disposed 1n the central passage and has a shank
spaced from the electrode head of the center electrode. A
fired-in suppressor seal electrically interconnects the elec-
trode head and the shank of the connecting pin within the
central passage. The central passage includes an intermediate
tapered section generally midway between the terminal end
and the electrode head, and the connecting pin has a tapered
pin head that 1s seated 1n the tapered section of the central
passageway.

The invention overcomes the shortcomings and disadvan-
tages of the prior art designs due to the intermediate tapered
section of the central passage, which advantageously seli-
centers the connecting pin within the central passage in such
a manner an as to avoid pressure build-up during assembly.
Furthermore, the intermediate tapered section creates an
increase 1n msulator wall thickness, thus providing increased
dielectric capacity and greater column strength 1n the body of
the insulator within compression and dielectric puncture zone
regions.

The mvention also contemplates a method for assembling
a spark plug comprising the steps of: providing a generally
tubular 1nsulator having an upper terminal end and a lower
nose end with a central passage extending longitudinally
between the terminal and nose ends. A center electrode 1s
inserted into the central passage of the insulator such that a
lower sparking end of the center electrode 1s exposed through
the nose end. The center electrode includes an electrode head
seated in the central passage. The central passage 1s then filled
with loose granular or pelletized sealing materials. The
method further includes compressing the loose sealing mate-
rials against the electrode head. Following this, an interme-
diate connecting pin 1s inserted into the central passage, the
connecting pin having a lower shank portion, along with
(potentially—it not on press head) aremovable push rod. This
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4

assembly 1s then heated (the insulator, center electrode, con-
necting pin, and loose sealing materials) to a temperature at
which the loose sealing materials become fluidic and begin to
coalesce. The assembly 1s then removed from the furnace, and
the connecting pin compressed so as to density the coalescing
sealing matenals. A tapered head of the connecting pin 1s held
against an intermediate tapered section 1n the central passage,
generally midway between the terminal end and the electrode
head, while the sealing materials solidify into an elastic solid.
In this manner, a spark plug 1s assembled which overcomes

the disadvantages and shortcomings of the prior art in the
manner described above.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will become more readily appreciated when con-
sidered 1n connection with the following detailed description
and appended drawings, wherein:

FIGS. 1 and 2 depict alternative prior art spark plug
designs;

FIG. 3 1s a cross-sectional view of a spark plug assembly
incorporating a fired-1n suppressor seal between a connecting
pin and the lower center electrode according to the subject
imnvention;

FIG. 4 1s an enlarged, partially exploded view of the spark
plug assembly of FIG. 3;

FIG. 5 1s an enlarged, fragmentary view of the fired-in
suppressor seal (FISS) region of the msulator with various
dimensional relationships called out;

FIG. 6 1s a detailed drawing of the connecting pin accord-
ing to the subject invention;

FIGS. 7A-Drepresent a sequence of assembly steps depict-
ing the formation of a spark plug according to this invention;
and

FIG. 8 1s an enlarged cross-sectional view of an alternative
embodiment of this invention, wherein a supplemental elec-
tronic capsule 1s installed below the terminal stud.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the Figures, wherein like numerals indicate
like or corresponding parts throughout the several views, a
spark plug according to the subject invention 1s generally
shown at 10 1n FIG. 3. The spark plug 10 includes a tubular
ceramic insulator, generally indicated at 12, which may be
made from an aluminum oxide ceramic or other suitable
material having the desired dielectric strength, mechanical
strength and resistance to heat shock. The insulator 12 may be
molded dry under extreme pressure and then kiln-fired to
vitrification at high temperature. However, those skilled in
this art will appreciate that methods other than dry pressing
and sintering may be used to fowl the insulator 12. The
insulator 12 has an outer surface which may or may not be
glazed about i1ts exposed portions. The nsulator 12 may
include a partially exposed upper mast portion 14 to which a
rubber spark boot (not shown) surrounds and grips to estab-
lish a connection with the ignition system. The exposed mast
portion 14 1s shown 1n FIG. 3 as a generally smooth surface,
but may include the more traditional ribs for the purpose of
providing added protection against spark or secondary volt-
age “flash-over” and to better improve grip with the rubber
spark plug boot Immediately below the mast portion 14, 1s a
large upper shoulder 16 from which the cross-sectional diam-
cter of the msulator 12 expands to 1ts maximum width. Fur-
ther down the 1nsulator 12, a small lower shoulder region 18
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reduces the insulator outer diameter to a lower seat 17, which
progressively narrows toward a tapering nose section 20. A
nose end 22 establishes the bottom most portion of the 1nsu-
lator 12, whereas a terminal end 24 establishes the extreme
opposite, uppermost end of the insulator 12, formed at the top
of the mast portion 14. A filleted transition 26 i1s an exterior
surface feature of the insulator 12, formed between the large
upper shoulder 16 and the small lower shoulder region 18.
The filleted transition 26 provides a smooth change from the
greater insulator diameter at the large shoulder 16 to the lesser
diameter 1n the small shoulder region 18.

The insulator 12 1s of generally tubular construction,
including a central passage 28 extending longitudinally
between the terminal end 24 at the top of the msulator 12 and
the lower nose end 22. The central passage 28 1s of varying
cross-section area, generally greatest at or adjacent the termi-
nal end 24 and smallest at or adjacent the nose end 22. As will
be described 1n greater detail subsequently, the central pas-
sage 28 includes an intermediate tapered section 72 generally
midway between the terminal end 24 and a head 66 of a center
clectrode. Preferably, the tapered section 1s located at a lon-
gitudinal position above the filleted transition 26. In the
example shown, the tapered section 72 1s located just above
the large upper shoulder 16, thereby providing maximum
wall thickness for the insulator 12 throughout the insulator
compression region (as shown 1n FIG. 5). The tapered section
72 1s generally frustoconical, and establishes a transition
between a first larger diameter of the central passage 28 and a
second smaller diameter.

A conductive, preferably metallic shell 1s generally 1ndi-
cated at 30. The shell 30 surrounds the lower regions of the
insulator 12 and includes at least one ground electrode 32.
While the ground electrode 32 1s depicted 1n FIG. 3 1n the
traditional single J-shaped style, 1t will be appreciated that an
alternatively shaped single electrode, multiple ground elec-
trodes, or an annular ground electrode, or any other known
configuration can be substituted depending upon the intended
application of the spark plug 10. Indeed, as spark plug diam-
cters reduce, the so-called “no (zero) ground” electrodes
become an acceptable construction alternative.

The shell 30 includes an internal lower compression tlange
34 adapted to bear 1n pressing contact against the lower seat
17 of the insulator 12. The shell 30 further includes an upper
compression flange 36 which 1s crimped or deformed over
during the assembly operation to bear 1n pressing contact
against the large shoulder 16 of the insulator 12. A buckle
zone 37 yields under the influence of an overwhelming com-
pressive force during or subsequent to the deformation of the
upper compression tlange 36 to hold the shell 30 1n a fixed
position with respect to the msulator 12. Gaskets, cement or
other sealing compounds can be interposed between the 1nsu-
lator 12 and the shell 30 at the points of engagement to perfect
a gas tight seal and improve the structural integrity of the
assembled spark plug 10. Accordingly, after assembly, the
shell 30 1s held 1n tension between the upper 36 and lower 34
compression flanges, whereas the insulator 12 1s held 1n com-
pression between the large shoulder 16 and the lower seat 17.
The compression region 1s called out in FIG. 5. This results 1in
a secure, gas tight, permanent fixation between the isulator
12 and the shell 30.

The shell 30 further includes a tool receiving fitting 40 for
removal and installation purposes. The fitting 40 may be in
the shape of ahex, sized to comply with industry standards for
the intended application. Of course, other {fitting 40 shapes
may also be used (12 point hex, spline, thread, etc). A
threaded section 42 1s formed at the lower portion of the
metallic shell 30, immediately below a seat 44. Of course,
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6

other fastening arrangements may also be used instead of
threads 42 (spline, no thread, etc.) as needed to engage the
engine. The seat 44 may be provided with a gasket 38 to
provide a suitable interface against which the spark plug seats
in the cylinder head. Alternatively, the seat 44 may be formed
with a stmple or complex taper or a flat or other features (not
shown) to provide a close tolerance 1nstallation 1n a cylinder
head which 1s designed for this type of spark plug.

A conductive terminal stud 46 1s partially disposed in the
central passage 28 of the msulator 12 and extends longitudi-
nally from the exposed top post 48 a relatively short distance
into the central passage 28. Threads 50 are formed on the
lower shank portion of the stud 46 and engage a correspond-
ing female thread formed inside the central passage 28 of the
insulator 12. The top post 48 connects to an 1gnition wire (not
shown) and receives timed discharges of high voltage elec-
tricity required to fire the spark plug 10.

The bottom end of the terminal stud 46 abuts against a
compression spring 32 which 1s formed of an electrically
conductive material. The compression spring 52 seats at 1ts
lower most end against the head 53 of a connecting pin,
generally indicated at 54. An enlarged view of the connecting
pin 34 1s shown 1 FIG. 6. The connecting pin 54 includes a
lower shank portion 55 embedded within a conductive glass
seal 56, which forms the top layer of a fired-1n suppressor seal
or assembly, generally indicated at 58. The shank 35 may be
threaded, knurled, or otherwise disturbed to better anchor
itself 1n the seal 58. In the case of a helical thread form acting
as the disturbance feature, the thread size does play a role 1n
the bedding process. Preferably, the major diameter of the
threads, minus the minor diameter of the threads, divided by
2, 1s greater than or equal to 0.004." To ensure adequate
clearance for glass flow during hot pressing, a small radial
clearance 1s provided between the shank 55 and the second
smaller diameter of the central passage 28. For example, the
minimum nominal radial clearance might be on the order of
0.004" as measured from the thread to the bore. This clear-
ance permits the glass to flow back around the pin 54, and thus
secure 1t 1n the glass seal 56. Too small of a nominal clearance
may impair manufacturability by not allowing the glass 56 to
back flow, or perhaps creating an excessive hydraulic pres-
sure during assembly.

On the other hand, too large a clearance will not suificiently
compact the glass 36, thereby shortening life span and
degrading resistor functionality. The embedded or potted
length (PL) of the shank 35 1s also critical. As per the rela-
tionships noted on FIG. 5, this embedded length (PL) should
be at least 70% of the designed length (SL) of the upper glass
seal 36 and preferably not more than , at most, 100% of the
designed length (SL) of the seal 56. This ensures adequate
fired-in suppressor seal 58 compaction during hot pressing
while minimizing the potential for glass 56 to flow into the
upper bore (1.e., above the intermediate taper section 72) and
impair electrical function. The taper angle under the pin head
53 should closely match the taper angle of intermediate taper
section 72, perhaps within +/-3 degrees, to ensure good seat-
ing and centering of the connecting pin 34. Radial clearance
between the head 53 of the connecting pin 54 and the insulator
bore 28 (1.¢., atthe first larger diameter) should also be at least
0.003" to ensure that 1t does not bind during hot pressing or
trap gas. The distal end of the shank 55 may be flat, cupped, or
otherwise contoured so as to retain glass 56 and/or promote
glass 56 flow during the hot-pressing operation.

The conductive glass seal 56 functions to seal the bottom
end of the connecting pin 54 within the central passage 28,
while conducting electricity to a resistor layer 60. This resis-
tor layer 60, which 1n the embodiment depicted 1n the draw-
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ings, comprises the central layer of a three-tier fired-1n sup-
pressor seal 58. Such a fired-in suppressor seal 58 can be
made from any suitable composition known to reduce elec-
tromagnetic interference (EMI). However, single layer and
other forms of multi-layer fired-in suppressor seals could be
used 1n appropriate applications. The illustrated fired-1n sup-
pressor seal 38 includes glass, fillers and carbon/carbon-
aceous materials 1n such ratios to ensure appropriate resis-
tance when pressed and provide a stable resistance over the
anticipated service life. Immediately below the resistor layer
60, another conductive glass seal 62 establishes the bottom, or
lower layer of the fired-1n suppressor seal 58. The conductive
glass can be made from a mixture of glass and copper metal
powder at approximately 1:1 ratio by mass, as 1s well known
in the industry. Accordingly, electricity travels from the ter-
minal stud 46 through the compression spring 52 and into the
connecting pin 54, then through the top layer of conductive
glass 56, through the resistor layer 60 and into the lower
conductive glass seal layer 62.

A conductive center electrode 64 1s partially disposed 1n
the central passage 28 and extends longitudinally between an
clectrode head 66 encased 1n the lower glass seal layer 62 to
an exposed sparking tip 68 proximate the ground electrode
32. Thus, the electrode head 66 of the center electrode 64 1s
longitudinally spaced from the bottom end of the connecting
pin 54, within the central passage 28. The fired-1n suppressor
seal 58 electrically interconnects the connecting pin 54 and
the center electrode 64, while simultancously sealing the
central passage 28 from combustion gas leakage and also
suppressing radio frequency noise emissions from the spark
plug 10.

As shown, the center electrode 60 1s preferably a one-piece,
unitary structure extending continuously and uninterrupted
between its electrode head 66 embedded 1n the glass seal 62
and 1ts sparking tip 68 in the gap opposite the ground elec-
trode 32. The center electrode 60 may be made from a nickel
alloy with or without a copper core. Although the specific
material selection 1s beyond the scope of this invention, as
well as the specific design of the center electrode.

Referring now to FIGS. 7A-D, a preferred method for
installing the suppressor seal 38 within the central passage 28
1s 1llustrated schematically. According to the preferred
embodiment of this invention, the suppressor seal 38 1s of the
fired-1n type, wherein each of the layers 56, 60, 62 are sepa-
rately laid down 1n a filling operation. Typically, each layer
56, 60, 62 will be separately loaded and then tamped with a
solid tamper 70 to a preferred compaction pressure, which,
for example, may be on the order of 20 kps1 or more. How-
ever, some of the layers might be loaded without tamping.
FIG. 7A depicts the final tamping operation. Alternatively,
instead of granular materials, preformed tablets may be used.
Furthermore, other seal constructions having more or fewer
layers and various electrical qualities may be preferred 1n
some applications.

Once these granular materials (or preformed tablets) have
been loaded 1nto the central passage 28, the connecting pin 54
1s loaded while the subassembly 1s heated to a temperature at
which the granular materials 56, 60, 62 soften and fuse, 1.¢.,
coalesce and congeal. See FIG. 7B. The heated assembly 1s
withdrawn from the furnace, and the connecting pin 354 1s
torced toward a fully seated position using a removable push
rod 71 where the tapered underside of i1ts head seats 1n a
corresponding intermediate taper section 72 1n the central
passage 28 as best shown in FIGS. 7C and 7D. Of course, a
push rod that 1s fused to the press head could be used 1n lieu
of a removable push rod 71.

5

10

15

20

25

30

35

40

45

50

55

60

65

8

When the pin head 33 of the connecting pin 54 1s seated
against the intermediate taper section 72, the central passage
28 1s closed and sealed. During this operation, the softened
material of the lower conductive glass seal layer 62 flows
around the head 66 of the center electrode 64, and seals the
central passage 28 in the region of the center electrode head
66 as 1t congeals, 1.¢., solidifies into an elastic solid. Likewise,
the shank 55 of the connecting pin 54 becomes embedded in
the top layer of the conductive glass seal 56, thereby fixing 1t
in position while simultaneously sealing the central passage
28 from combustion gas leakage. By this method, the fired-1n
suppressor seal 38 can be formed of the fired-1n type which 1s
robust, economical and effective 1in terms ol suppressing
radio frequency noise emissions and sealing the central pas-
sage 28 from combustion gas leakage.

Although the mmvention described above includes a take-up
compression spring 32 to occupy the open space between the
connecting pin 54 and the terminal stud 46, other options may
be preferred. For example, the space may be filled with one or
more electrically active elements (resistors, inductors,
capacitors, or discrete circuitry) in order to provide enhanced
functionality and continuity between connecting pin 34 and
the terminal stud 46. In fact, a unique aspect of the subject
invention enables the space to be utilized by a capsule resistor,
capacitor, inductor or other discrete electrical component 80
that further enhance functionality of the spark plug 10 as
depicted 1in FIG. 8. In other words, the compression spring 54
can be eliminated or shortened to enable additional functional
components 80 to be interposed between the terminal stud 46
and the connecting pin 54. Components 80 can be mixed and
matched to achieve the desired functionality. This function-
ality may prove particularly valuable during suppression of
RFI (EMI), as components 80 such as suppressors in the
fired-1n suppressor seal 38 and inductors may be combined to
provide needed RFI suppression with minimal resistance.

The subject invention proposes a unmique variation of the
fired-1in suppressor seal 38 currently used 1n automotive and
small engine spark plugs. Prior art suppressor seal type spark
plugs are made by pressing a umitary terminal 1nto a mass of
molten glass to form the seal. However, the subject invention
replaces the long, unitary terminal with a small, 1solated
connecting pin 54. This connecting pin 54 1s placed i the
proximal end of the fired-in suppressor seal 58 during the
glass seal hot press operation (FIG. 7A). A discrete push rod
71 1s used to allow the connecting pin 54 to be pressed 1n
during firing. The subject mnvention and 1ts assembly method
climinates the need for the long, unitary terminal stud of the
prior art, thereby overcoming the mechanical, esthetic and
oxidation 1ssues in the prior art designs.

The connecting pin 54 may be fabricated from a mickel-
plated steel alloy as per common construction for fired-in
suppressor seal type terminals. An improvement on this
design, however, would mvolve the use of solid nickel or
nickel alloys in place of the steel, and without plating, thus
avoiding the plating step. Additional improvements in the
connecting pin 54 might be achieved by using a low-expan-
s1on alloy of the type commonly used 1n glass-to-metal seal-
ing, where the alloy would be characterized as having a coet-
ficient of thermal expansion less than or equal to that of the
solidified fired-1n suppressor seal 38 and/or the ceramic insu-
lator body. That 1s, less than or equal to 8.5 ppm/° C. over the
range of room temperature to 400° C. The steel terminals
typically employed in prior art constructions have thermal
expansion rates much higher than that of the insulators and
the glass sealing materials, e.g., on the order of >10 ppm/® C.
In the prior art, this results in significant thermal stresses on
the fired-in suppressor seal 58 during cooling and after fab-
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rication. The stresses can lead to mechanical failure affecting
the integrity of the hermetic seal and terminal retention. How-
ever, the use of an alloy of lower expansion will greatly reduce
the stresses, resulting 1n a more robust seal. Such alloys are
typically difficult to form, however, and therefore have not
been used 1n terminal stud applications until now. The subject
invention which utilizes the connecting pin 34 could be
formed from these more preferred, thermally compatible
alloys, since the connecting pin 54 1s small and 1ts formation
would be far less difficult than i1s encountered with prior art
designs.

Furthermore, low-expansion alloys are more expensive
than nickel, nickel alloy, and plated steel products. This
invention design minimizes the use of low-expansion alloys
to only that amount needed to make contact with the seal.
Also, this concept eliminates the expense of the nickel plating
operation on the stud of a traditional connecting pin.
Examples of low (coellicient of thermal) expansion alloys
include: Pernifer 2918, Pernifer 36 alloy 36, and other Perni-
ter alloys, all available commercially from ThyssenKrupp
VDM, of Werdohl, Germany.

The foregoing invention has been described 1n accordance
with therelevant legal standards, thus the description 1s exem-
plary rather than limiting in nature. Variations and modifica-
tions to the disclosed embodiment may become apparent to
those skilled in the art and fall within the scope of the inven-
tion. Accordingly the scope of legal protection afforded this
invention can only be determined by studying the following
claims.

What 1s claimed 1s:

1. A method of assembling a spark plug comprising the
steps of:

providing a generally tubular insulator having an upper

terminal end and a lower nose end, and a central passage
extending longitudinally between the terminal and nose
ends:

inserting a center electrode into the central passage of the

insulator such that a lower sparking end of the center
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clectrode 1s exposed through the nose end, the center
clectrode further including an electrode head seated 1n
the central passage;

filling the central passage with loose granular or pelletized

sealing materials;

compressing the loose sealing materials against the elec-

trode head;
heating the insulator, center electrode and loose sealing
materials to a temperature at which the loose sealing
materials become fluidic and begin to coalesce;

inserting an intermediate connecting pin into the central
passage, the connecting pin having a lower shank por-
tion;

displacing the coalescing sealing materials with the shank

of the connecting pin;

and holding a tapered head of the connecting pin against an

intermediate tapered section 1n the central passage, gen-
crally midway between the terminal end and the elec-
trode head at least until the sealing materials begin to
solidify 1nto an elastic solid.

2. The method of claim 1 including surrounding at least a
portion of the msulator with a conductive shell.

3. The method of claim 1 wherein said step of filling the
central passage with loose granular or pelletized sealing
materials includes creating alternating layers of glass and
clectrically resistive matenals.

4. The method of claim 1 further including the step of
forming a helical thread on the shank of the connecting pin.

5. The method of claim 1 further including the step of
maintaining a spacing between the shank of the connecting
pin and the central passage.

6. The method of claim 1 further including the step of
controlling the thermal expansion of the connecting pin to be
generally equal to the thermal expansion of the solidified
sealing materials.
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